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& A scale expander fot analov stgnals is descrxbed in whxch the output is presented in the form oi an mteger voltage i

INTRODUCTION

N mstrumental system for the measurement of analog

data can be considered as conmstmg of (1) a source
of analog data, and (2) a data acquisition module; “these
“will, for the sake of brevxty, be referred to as source and

receiver. The sensitivity of the system can be increased

by inserting ‘between source and: receiver an interface

which' first amplifies. the output of the source and then_"
subtracts from it a_ value accurately known and of the
proper magmtude to brmg the signal dehvered to the‘,

- receiver within its range of operation.

“ For ‘many mstrumenta.l systems, such a combmatlon of"
scale expansion and zero suppression or zero offset would
permit realization of the full measuring capability of the

~system. However, to our knowledge; use of this potentially

“powerful tool has been quite limited. This is probably due
to- limijtations in currently available methods for choice

of the amount of suppression and of the scale. Manual ;
suppression -(such as supphed in some commercial pn

- meters) is in many cases inapplicable, as with frequently

or rapidly changmg signals and. with 1nstruments unat{f:‘
- tended: during any part of the data collection penod
Automatic selection of - the proper suppression can, in-a

sense, be achieved by use of a separate receiver output for
- each desired : -range of the (expanded) scale. An example
is a two pen recorder, with one pen for the range 0-1 V,
‘and another for the range 1-2 V. (cf. some models of tﬁe
Cary? spectrophotometer).. However, the number - of

receivers which can be used is generally severely limited

and this limits corresponalno'iy the Puch'" of ranges
available.

In a recent paper® a cu»mt was descnbed which prov1des

_truly automatic suppression to bring the output into the

- range of the recorder. This circuit was designed for re-

cording geomagnetic data. We have, independently, and

“{the suppressed voltage) anda ‘'voltage representing the remainder of the input signal. Choice of the range (mag-
' litude of suppression) is rapid and ‘automatic. The instrument can be used, as an interface module, with a very’
“wide variety of analog data systems. A few illustrative apphcatlons are given. Advamages in. mstrument perfor~
_' mance over presently avaxlable cxrcmts are aocumented : :

e for other purposes, constructed a scale expander of dif--

; ferent design which -also provides automatic suppression.

-Our circuit is of wide applicability and possesses certain
“important advantages, among which ‘are the following.

(1) The output data contain all the information in the
input signal, in the form of an integer voltage and a
voltage representing the remainder of the input. (2) The
value of the input is-easily: calculated because the magni-

‘tude of each step of suppression is 1 V, and *the" total

amount of suppreasmn is presented as part of the output
data. (3) No negative output signals need to be dealt

- with (for positive input signals). (4) Maximum utilization
- of the range of the receiver for the suppressed output is

effected.” (5) Negative input signals could be accom-
modated easily by addition of appropriate stages, without
loss in efficiency of utilization of the range of the recciver.
(6) Output precision is constant on all ranges. (7) The

- instrument has an over-all accuracy better than 0.1%
- and is relatively insensitive to temperature changes be-

‘cause components ha.vmg high temperature coefficients
- are not used. (8) The total cost, exclusive of power supplies

and packaging, is less than 50 dollars. o
“The circuit as descnbed below-expands the scale of the

“receiver fivefold. This is accomplished by four stages of

suppression. Tenfold expansion could be achieved readily.
For brevity, the instrument will be referred to as ARSPAN,
standmg for autoranging scale etpander

L DESIGN
" A. Principles
- A block diagram of the instrument is shown in Fig, 1.-
The positive signal from the source, if not already in the
0-5 V range, is suitably amplified (not shown in diagram,
because design details will' depend on the characteristics
of the source). A 0-5 V signal thus is the input to stage A,
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: Frc. 1 Block‘dlagram[of auto ngmg sca]e expander (ARSPAI\)

whlch serves to provrde‘ a ﬁxed mput 1mpedance. The l

P mverted srgnal is then brouaht to.four voltage comparators
‘%(stages C1-C4), ach of* which has, as a second input;
+10V. (provided by a stable supply, stage B). By sultable
‘choice of the input resistors, the four comparators are set .
‘to trigger. at (negatlve) mput levels: slightly greater (in
absolute’ value) than'1, 2, 3,.and 4V, respectwelv. ‘When -
“the tngger level ina given mmparator is exceeded (m the
~negatxve dlrectxon) its relay closes, making - the corre--
- sponding ‘input to- the 4-port summer (stage D)+10 V..

“The 10V signals are summed, reduced in magnitude. by : a ‘

factor of 10, and, mcrdentally, mverted The reduced and

‘inverted mteger sum-(0, —1, =2,7=3, or =4 V) is in- -

.verted in stage 3 posmve value E and in this form
constitutes one. of ‘the ‘inputs to. the two port summer -
- (stage F). The other input to the latter-is the (amphﬁed
:._fand) inverted. source signal; '—e,n, from stage ‘A. The
,nonmtegral output of ‘the summer, €ut, IS’ therefore
o=~ (—eint+E)=enn—E, the input: voltage, less an-
integral number of volts. E is generally 1 the largest integer
less. than €iny. SO that Cout 18 between 0 and 1 V. (When the -
magnitude of e;, is in the small interval between an integral =

’_value and the tngger level above it, eom is shghtly Ureater

O than tV.) - ;
. There are thus two outputs from the ARSPAN, an.

mtegral ‘output- E, and a (generalh) nonmtegral output = :
Cout. ‘Together they contain all the’ information present inooo
the inpuit: €in=E+etoute. E is read out onan mexpenswe s

panel meter graduated in five steps of 1 Veach. A 1. V.
“receiver ‘for. €out,, together thh the panel readout of E;
“therefore- provxdes an expanded scale for measurement of
“the 0—5 V mput e e B =
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I‘zc 2 Crrcmt dxagram of reference supplv (stage B). .. ISOkQ is

" the nominal value: The exact value is one obtained by: component

“selection so as to provide an output of exactly 10V

#oy

" As with e, E can be presented in digital form by use
: of a simple code conversion. If recorded analog output is

desired, a small auxiliary recorder, or a second pen on

.the recorder utxhzed for e,,.,,, can be used

B Constructxon

Cu'cult dxagrams for the various stacres are given in

Fi igs. 2-4. It is convement and efficient to mount each
.fstage on a separate circuit- board, and to mount these,
~in turn, on a mother board, which also holds the :i:lb V

- supply.

-All critical resistance values R were: obta.med by placmv

_‘tworresrstors, Ry and Ry, in series. Ry was chosen so
that R;>0.97R. After soldering one end of R in place
;and allowmg a few minutes for cooling, its resistance was

* measured, and a second compenent with a resistance value

.~ Ry=R-Ry was soldered in series with it. The over-all
* resistance was then measured, to ensure that, within
VOOS%, the- desired value ‘was obtained.  All resistance

measurements were made with a dlgxtal ohmmeter accurate

to 100 ppm of full scale.

- Any given voltage comparator will tnvger at dxﬁevent

-~ levels for increasing and decreasing signals. The difference
" between the two levels, the hysteresis %, is set by adjust-
“ment of the variable hysteresis resistor R (Fig. 4). The
. ‘mean trigger voltage (or null point®) T is selected by adjust-
“ment of the variable resistor. Ry (Fig. 4). T is indepéndent

of Rj, and can be chosen by setting Ry=0 and then
adjustmg R; until triggering occurs. An increasing signal

“'triggers the comparator at T+, a decreasing signal at
© . T—4%hk. If it is desired to avoid any negative output,
"eows <0, it is only necessary to make T —34 slightly greater

than the nearby integral voltage ‘value N, which can be

"; “considered as the nominal trigger level. Thus, by setting
" Ry=0 and adjusting R, until T7=N430 mV, and then
adjustmg RH until k= 30 mV (R;._"_’ 100 Q), range. chances

Re - = - © R~

INVERTER

A SUMMER
~ RESISTOR] A 3 o} F
TRy | 100K | 10K 100K [10K

R2 Not Used | Not Used [100K | 10K
Ra’ Not Used | Not-Used | 00K {Not Used
R4 - |Not Used | Not Used| 100K | Not Used
Rg 100K lOK 10K | 10K

Fxc 3. Circuit diagram of summiers and inverters
(stages A, D, E, and F).



‘wilt occur at N+45 mV for i mcrea=1ng sxgnals and NV -I— 15

mV for decreasing srgnals, where N=1,2,3, or4 V. G, e
‘Each of ‘the operational amplifiers of stages A, D, E,

and F has a capacitor C in parallel with the feedback 5

‘resistor RF, to assure stability and filtering, if necessary.

If filtering is not necessarv a nommal capacrtance of s

,1 nF is suﬂicxent e

APPLICATIONS

The ARSPAN should have apphcatlon to vn'tually any’;f b
analog data system where: scale expansion is indicated,

‘provided the actuate and’ "deactuate times of the relays

(ca: 500 usec) and the slew rate of the operational amph-;» ey
fiers-are taken mto account A few 1llustratlons of how the Ll

system can be used

A .Analog Readout w1th Panel Meter ‘

-

signal to be measured e (when_ read dlrectly on thevolt-

meter) read 0.78 V. ‘The signal; obtained after fivefold o

amphﬁcatlon served as €in, the input to the ARSPAN

‘The integral output £ from the ARSPAN was 3, and the
nonintegral ‘output - éous Was 0. 92: (£0.02). Therefore,p =
€in=3.9240.02, and e=¢;,/5= 0.7840.004. A comparison
_w1th the direct readmg, 0. 79:):0 02, illustrates’ the ﬁvefold

increase in sensitivity and precrsron achieved. .

. If the ARSPAN is to be used for a large number of such -
readlngs, it would be’ convenient to modify the outputs. -
so that the unknown signal is calculated directly, e=1E’ =

+¢'ous (Where E' is an integer), division by 5 (e=¢in/5)

vbemg ‘unnecessary. To. accomplish this, the face of the °
panel meter formerly used for presenting E, in 1V steps -
from 0-5 V, would be re-marked to read in ﬁvev steps of

5 rnsvoc
e Sl S e LT R -——-°our -
R Mg “ipvretary T
ke Ric Rz' R R e . 'FORM 1A

B nqyoc

AANA

#I0VDC 100K bt T
L e | T4 e N3569
R A LTS INGSTA Le T

| ResisTOR | RESISTOR " -
COMPARATOR l ok t e
Coee T esk K
“cz b ek LT 2K
e e7ke sk
ce 383K 5K

FIG 4. Cu'cmt dlagram of vo!tage comparators (stages C1 C2

C3 ‘anid C4).* Resistors are of the metal. film tvpe, tolerance 1%, .

‘temperature. coefﬁcxent 50 ppm.
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An mexpensxve panel voltmeter wrth a range of (}—1 S V ;
marked in steps of 0.02.V, was used. An uncertainty in the: x
vreadmgs of 0. 02 V will be assumed. The stable unknownf L
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FIG 5 ‘Transmittance spectrum of holrmum oxrde (a) Wlthout

- ARSPAN module, and (b): with ARSPAN module.. Pen markings

made during range changes were, for the sake of clarity, omitted from-
the figure (b). For this spectrum the mean trigger level (7')-for each
comparator was set at the full scale value of the range, e.g:, at 20%,
transmrttance (1. 000 V) for the ﬁrst comparator

0.2 each, from 0-1. L1kew1s_e, ‘the (second)’ panel meter
readrng éout 0N -2 0-1.5 V range would be re-marked to read
- €4y 0n a:0-0.3 range, with the uncertamty correspondmOIy
) reduced to (0.3/1.5)X0.02=0.004. 5

- For the above e‘rample, values of E =6 and e.m-—O 184;

(iO 004) wouldthen be obtained, giving e—-O 6+0 184
v .:!:0 004 O 784:!:0 004 '

B Drglta.l Readout

The same unknown signal as above, when measured .

g directly: on a- 3} digit voltmeter, read e=0.784 V. The

uncertainty here is 0.001.. After- fivefold amplification

(o em) and passage through the ARSPAN, outputs E=3
, and em-—O 918 (40.001) were obtained. Therefore,
e=ey/5= (3 9180 001)/ 5=0.7836=:0.0002. This again. :

illustrates the fivefold increase in sensmvrtv and prec151on :

R achxeved by ﬁvefold expansmn

C Ptesentatron of eyt 0N a Recorder

Flgure 5 shows a transmittance spectrum of holrmum

‘oxide taken with a Beckman DBG spectrophotometer
. :(a) ~without and (b) with the ARSPAN interface. For
- the unexpanded scan the recorder covers the range zero

to.1009, transmlttance In the. expanded scan there -are

v v five ranges of 20% each.

"To. make possible presentation of spectrophotometnc,

- data in terms of absorbance instead of transmittance, a
- logarithmic converter is under construction. In conjunc-

tion with this converter the ARSPAN will ‘permit direct
acquisition of ‘absorbance data covering the range.(0-2
absorbance” units in five steps of 04 each, Wlth a read-

ability of 0.001 absorbance unit.



I DISCUSSION

In the examples

?range ‘of the receiver (for- eouc) can be fully ‘utilized. The
eﬁ:xoxeney of utilization is determmed by the. hysteresm,f’

. the difference in the- trigger levels for increasing and’ 5
+ . the ideal value; as described above.

'ﬂdecreasmg srgnals (see Sec. I). This can be varied at wdl

‘in the ARSPAN, b 1adjustment of the. vanable hysteres;s. o
_resistor (Fig: 4, ‘Ru). Hysteresis should be large enough to -
. prevent a high frequency of range changes due to'a srgnal": '
,;hovermg about a mean value near the trigger.- levels; it
“should be small’ enough not to dlmmrsh substantlally the
'eﬁectwe range of the receiver. A value of 100 Q:for Ri
* (Fig. 4) prowdes about 30 mV-of hystere51s, correspondmg .

'fito 3% of the 1 V. receiver range

. “Another advantage of the. CH.’CUIt presented is. that\t e
",ma.gmtude of each step oi suppressmn is ‘equal to the
nominal range of the 6 celver The desired datu m is th PR wound resmtors should be substituted for metal res;stors,
:'fore an easily- ealculated sum. Thus in Fig: 5, where the R
K recorder range ‘was’ 20% transmittance, a value £or out.

of 5.0% of full scale and for Eof 3 V. represents a trans-i .

: mlttance of 3X20+0 050X 20'=60+1.00= 61 00%

presented it is to be noted that the-
precrslon of data obtained with the ARSPAN is constant,

e, mdependent of the offset E. This was achieved by

E 0 12 3 and 4 V, respectively) ) €2 =0.050, 1.050,

2. 050 3.050, and 4,050 V. This illustrates the fact that the

careful choice of all critical resistors to mthm ()03% of

“The present instrument provides fivefold scale expan-
sion and has an over-all instrument accuracy better than

'0.1%,. Tenfold- expansion, ‘and ‘higher accuracv, could be
E ‘achieved: simply by using additional comparators, with an
' appropnate increase in the number of inputs to- the sum-

mer- (stage D).. More stringent control of components

" "would - then be necessary, as follows: (1) The. reference
o -'supply (stage B). would have to be of higher stabrhty with
'""»'rrespect to time and - temperature (2): ‘mercury wetted
o relays: should ‘be used, in place of reed relays; (3) wire

and (4) chopper stablhzed amphﬁers may have to be used

r ‘\'Iennon of commercxal names does not xmply endorsement by the

- U. S. Department of Agriculture
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